T
HE term "benign osteoblastoma" was coined by Jaffe ~1 and Lichtenstein 13 to describe a rare osteoblastic bone lesion. This lesion accounts for less than 1% of all primary bone tumors, 4 but more than 40% of the reported cases have occurred in the spine. 14 The tumor is found predominantly in patients less than 20 years of age; TM the youngest reported patient was 2~ years old and the oldest was aged 69 years. 23 Since back pain and scoliosis are common features in patients with osteoblastoma of the spine, most cases are seen by orthopedic surgeons. ~' 5"8' ~ 4. ~ 7-19.23 However, those with skull lesions 24 or spine involvement and neurological deficit 2'6'7a2 may come to the attention of neurosurgeons. Our own experience with several cases and the paucity of reports of this tumor in the neurosurgical literature have prompted this review.
Summary of Cases

Clinical Material
Between January 1, 1974, and December 31, 1986, 10 children with osteoblastoma of the spine were treated at the Alberta Children's or Foothills Hospital in Calgary, Alberta. There were seven boys and three girls; the age at diagnosis ranged from 2 to 16 years (average 11 years).
In nine patients, the tumor involved the posterior vertebral elements, with L-3 and L-4 being the commonest sites (Table 1) . One patient had tumor in the body of the C-3 vertebra, while the youngest patient had tumor in the posterior elements of C-5. The thoracic spine and sacrum were less frequently involved, with one tumor in each location. In three children, tumor had spread to the extradural space.
Symptoms were present for 3 to 18 months prior to diagnosis (average 9.3 months). The commonest symptom was pain in the area of the tumor (Table 2) , and nocturnal pain was present in seven of 10 children. The three children who had tumor in the extradural space all had sciatica. On physical examination, local spine tenderness was present in five patients, scoliosis in seven, and restricted spinal movement in all ten children. Straight-leg raising was reduced in four children, and three had significant muscle weakness or wasting. 
Radiological Features
The roentgenographic appearance was variable. All of the lumbar lesions were visualized on plain films, which showed evidence of sclerosis and expansion of bone at the site of the tumor (Fig. 1) . The tumor in the posterior elements of C-5 was evident on plain roentgenograms, while the lesion in the C-3 vertebral body was not. The lesions in the thoracic spine and sacrum were not diagnosed on the basis of plain films.
Isotope bone scans were positive in all 10 children (Fig. 2) . Myelography demonstrated appropriate filling defects in two of the three patients found at surgery to have extradural tumor but was negative in the third. in eight of the 10 children, and demonstrated the lesion in all cases. The usual appearance was bone expansion with a mixture of sclerotic and lylic areas (Fig. 3) .
Treatment
Nine children were treated with laminectomy and removal of the abnormal pedicle and facet. The tumor involving the C-3 vertebral body was resected via an anterolateral approach. In two children, the initial surgical procedure was inadequate and a second operation was required to relieve symptoms and remove residual tumor. Tumor excision was complete in seven children and incomplete in the other three (Table 3) . Bone grafts were placed in four children. Postoperative radiation therapy (4000 rads) was delivered to the lumbar spine of a 14-year-old boy in 1974, after incomplete removal of a tumor in the L-4 vertebra. 
Pathology
The diagnosis of benign osteoblastoma was confirmed histologically in nine of the 10 patients. The usual appearance included a fibrovascular stroma with numerous osteoblasts, osteoid tissue, well-formed woven bone, and giant cells (Fig. 4) . The osteoblasts were generally small and regular in shape, and showed few if any mitotic figures. In the one case where the diagnosis was not confirmed, the pathologist received only small fragments of bone which were not diagnostic. The clinical and radiographic features in that case were typical for osteoblastoma.
O u t c o m e
The results have been satisfactory in all cases, with follow-up periods ranging from 8 months to 123 years (average 5 89 years). Complete pain relief was achieved in eight children. The other two still report mild pain with activity; both have radiological evidence of degenerative change in the lumbar spine and no sign of tumor recurrence. There have been no tumor recurrences, and eight of the 10 patients have had negative follow-up x-ray films or scans.
Discussion
The relatively large number of children with osteoblastoma of the spine seen at this center is likely due to regional referral patterns. All scoliosis surgery in southern Alberta has been carried out in the Alberta Children's Hospital by a small number of orthopedic surgeons. Pain-provoked scoliosis is uncommon, 17 and a high index of suspicion combined with appropriate radiological investigation have usually led to the correct diagnosis. Neurosurgical assistance has been requested in the management of children with neurological deficits or tumors of the cervical spine. The two youngest children in this series presented with neck pain and restricted spinal movement. This unusual clinical picture in a 2-year-old led to x-ray films being performed, which showed features typical of an osteoblastoma involving the posterior elements of the C-5 vertebra. A history of antecedent trauma and an apparently normal x-ray film of the cervical spine, resulted in a delay in diagnosis of a 6-year-old boy with osteoblastoma in the body of C-3. Because of his persistent pain, an isotope bone scan was performed, which was positive, and was followed by a CT scan which demonstrated the lesion.
The differential diagnosis on x-ray films includes osteoid osteoma, aneurysmal bone cyst, unilateral pedicle/laminar sclerosis, osteogenic sarcoma, and localized pyogenic infection. Osteoid osteoma may produce a similar clinical picture 9'12 and histologically may be identical. 22 However, unlike benign osteoblastoma, it has a limited growth potential, 4 may have a more sclerotic margin, and is less than 1.5 cm in diameterJ 6 Aneurysmal bone cysts may appear as expansile lesions with sclerotic margins and a radiolucent center, 3'4 but may show delicate trabeculae crossing the central region.
Unilateral pedicle and laminar sclerosis have been noted in association with back pain and scoliosis in young patients. Sherman, et al., 2~ described bone hypertrophy in the pedicle and lamina in the presence of a defective pars interarticularis on the opposite side. They advocated careful x-ray examination of both the involved side and the contralateral pars interarticularis in the evaluation of a sclerotic lesion in the posterior elements of the lumbar spine. Homogeneous density of the sclerotic lesion supports the diagnosis of secondary stress hypertrophy.
Osteogenic sarcoma is very rare in the spine, but may be radiologically indistinguishable from osteoblas- toma. ~60steomyelitis of the spine is very uncommon, is usually preceded by bacterial infection at a distant site, is associated with an elevated erythrocyte sedimentation rate, and involves the disc space or vertebral body more frequently than the posterior elements.
Investigation of the child or young adult presenting with persistent pain of the posterior aspect of the neck, thoracic spine, or sacrum associated with nocturnal pain and restricted spinal movement should include a radionuclide bone scan as well as plain x-ray films. Our experience, as well as that of others, 214 has been that tumors in these locations may not be visible on plain films; however, radionuclide bone scans have been positive in all of our cases. Computerized tomography scanning should be performed to show the extent of vertebral involvement by tumor, which may not be apparent on plain x-ray films. Myelography and CT scanning may be useful in the investigation of children who present with sciatica, since in our experience this symptom indicated tumor extension into the extradural space.
The goal of surgery should be complete tumor removal whenever possible. The literature gives differing opinions about the need for aggressive surgical removal. Dahlin 4 stated that the nature of benign osteoblastoma dictates that conservative surgical treatment be used, and Amacher and Eltomey 2 reported that anything less than complete excision will likely be followed by recurrence and a more difficult challenge at a second operation. We have had an unusual opportunity to follow an incompletely removed tumor. In 1974, the father of a 14-year-old boy refused to allow anterior removal of an L-4 vertebral body involved with residual osteoblastoma, after posterior resection of tumor in the lamina, pedicle, and extradural space. The child's sciatica disappeared after the posterior operation, and his low-back pain gradually improved. He was treated with radiation therapy and, apart from low-back pain with strenuous physical activity, remains well more than 12 years after treatment. Roentgenograms and CT scans show degenerative changes in the lumbar spine, but no evidence of tumor. Because of the report by Marsh, et al., 14 that radiotherapy did not prevent recurrence, we have not used radiation therapy postoperatively in any other patient. Radiation therapy was followed by development of a fatal fibrosarcoma 10 years later in a patient described by Dahlin. No children in our series had lesions in the "aggressive" subcategory, or malignant osteoblastoma. 2~ Such lesions appear very destructive radiographically, and are more cellular than the benign type described in this series, with swollen plump osteoblasts on histological examination. Because of the high recurrence rate, the need for wide excision of these malignant tumors seems clear.
Jackson ") has reported a recurrence rate of over 10% in incompletely excised osteoblastomas with long-term follow-up review; recurrence was identified as late as 9 years after excision. In a survey of previously published cases of recurrence, he found that five of 18 patients with recurrent disease developed sarcoma. In three of these five, the duration from initial treatment to diagnosis of malignancy was 6 to 10 years. He acknowledged that some of these reported sarcomatous transformations L5' 18' 2~ may have been the result of misdiagnosis of a well-differentiated sarcoma in samples of the original tumor.
Merryweather, et al., ~8 described a young female patient in whom a vertebral tumor was diagnosed as an osteoblastoma at the time of initial surgery and two recurrences. She succumbed to sclerosing osteoblastic osteosarcoma with pulmonary metastases 9 years after onset of symptoms. The histology of the initial tumor was reviewed by Dahlin, who thought it was rather cellular in places, but not malignant. The terminal osteoblastic osteosarcoma was accepted as having arisen in an antecedent osteoblastoma.
Because of these reports, we have continued to follow our patients in whom tumor removal was incomplete. In these cases, the majority of the lesion was removed, but part of the sclerotic margin of the tumor was left. With CT scanning, accurate follow-up review of these lesions has been possible. A small amount of tumor was left, adherent to the vertebral artery, in the 6-yearold patient with tumor in the C-3 vertebral body. Serial CT scans over the past 6 years have shown incorporation of the bone graft placed at surgery, and no change in the residual tumor. The child remains asymptomatic, as does our youngest patient, in whom a small amount of tumor was left, extending into the body of C-5. We intend to reassess these patients on a yearly basis, until 10 years have passed since their surgery.
